Abstract Expanded genetic testing of BRCA mutations has led to identification of more reproductive-aged women who test positive for the mutation which might impact attitudes and decisions about relationships, childbearing and the use of preimplantation genetic diagnosis (PGD) and prenatal diagnosis (PND). A cross-sectional survey was administered to 1081 self-reported BRCA carriers to investigate how knowledge of BRCA status influences these issues. The mean age at BRCA test disclosure was 44 years and 36 % reported a personal history of cancer. Of 163 women who were unpartnered, 21.5 % felt more pressure to get married. Of 284 women whose families were not complete, 41 % reported that carrier status impacted their decision to have biological children. Women with a history of cancer were more likely to report that knowledge of BRCA+ status impacted their decision to have a child (OR 1.8, 95 % CI 1-3.2). Fifty-nine percent thought PGD should be offered to mutation carriers and 55.5 % thought PND should be offered. In conclusion, knowledge of BRCA status impacts attitudes regarding relationships and childbearing, and most carriers believe that PGD and PND should be offered to other carriers. This study suggests that BRCA carriers desire and would benefit from reproductive counseling after test disclosure.
Introduction
Mutations of BRCA1 and BRCA2 (BRCA) genes are associated with an increased risk of breast and ovarian cancer. Female carriers of these mutations have a 65-80 % lifetime risk of breast cancer and a 20-45 % risk of ovarian cancer (Antoniou et al. 2003; Chen and Parmigiani 2007; King et al. 2003) . Treatments for breast and ovarian cancers may render a woman infertile. Risk-reducing salpingo-oophorectomy has been associated with a significant reduction of breast cancer and ovarian cancer (Domchek et al. 2010; Finch et al. 2014; Kauff et al. 2002; Rebbeck et al. 2002 Rebbeck et al. , 2009 , and is recommended to BRCA carriers by the age of 40 or after completion of childbearing (BACOG Practice Bulletin No. 103: Hereditary breast and ovarian cancer syndrome,^2009). Additionally, recent literature suggests that BRCA mutations are associated with decreased ovarian reserve and earlier menopause (Finch et al. 2013; Lin et al. 2013; Wang et al. 2014; Rzepka-Gorska et al. 2006) . Given Electronic supplementary material The online version of this article (doi:10.1007/s10897-016-0035-x) contains supplementary material, which is available to authorized users.
these potential risks to future fertility, women with BRCA mutations may have a more limited reproductive window to complete their family.
A growing awareness and expanded genetic testing for BRCA mutations have led to the identification of many more high-risk women of childbearing age (Botkin et al. 2003; Meijers-Heijboer et al. 2000) . These women are faced with decisions surrounding relationships, reproduction and childbearing. Several studies have examined how BRCA carrier status impacts decisions regarding reproduction and parenthood. In two qualitative studies published by the same group, Donnelly et al. and Ormondroyd et al. reported the reproductive views of 25 women between the ages of 18-45 who were childless at the time of receiving a positive result for BRCA. Personal and family history of cancer appeared to significantly impact decisions regarding reproduction in this group and many of the women felt uncertain about having biological children in the setting of the increased risk of cancer for themselves and for their children (Donnelly et al. 2013; Ormondroyd et al. 2012) . One case-control study performed in a 111 Utah-based families descended from a founding couple with an identified BRCA1 mutation of reproductive-aged, fertile men and women (ages 18-45) demonstrated that women who carry the BRCA1 mutation might be less likely to want children than non-carriers (OR 1.2, 95 % CI 0.01-1.3) (Smith et al. 2004 ).
Due to concern over transmitting a BRCA mutation to a child, many women have demonstrated an interest in technologies such as preimplantation genetic diagnosis (PGD) and prenatal diagnosis (PND) Staton et al. 2008) . A survey study conducted on 77 individuals with a median age of 42 (of which 62 % had children) undergoing BRCA1/2 testing (prior to knowledge of mutation status) found that 48 % would consider PGD, 55 % would consider PND and 55 % would consider adoption if tested positive (Fortuny et al. 2009 ). To date, few studies have been performed on BRCA mutation carriers to evaluate the impact that knowledge of carrier status has on decision-making around relationships, reproductive issues and technologies that would prevent transmission of the mutation to offspring.
The primary objective of this study was to investigate how knowledge of BRCA carrier status impacts women's decisions regarding 1) marriage and relationships, 2) childbearing and fertility treatments and 3) the use of PGD and PND to prevent transmission of the mutation to their offspring in selfreported BRCA mutation carriers whose families were not complete at the time of test disclosure. We hypothesized that age at the time of BRCA mutation test disclosure, personal history of cancer and already having biological children were factors that would influence the decision to have children or pursue infertility treatments.
Methods Participants
A cross-sectional survey was administered to known BRCA1/ 2 mutation carriers recruited from the University of Pennsylvania Cancer Risk Evaluation Program through an in-person encounter or mailed invitational letter. Additional participants were recruited through the Facing Our Risk of Cancer Empowered (FORCE) hereditary breast and ovarian cancer advocacy group. FORCE has an existing database of approximately 20,000 individuals interested in hereditary risk factors of breast and ovarian cancer who voluntarily receive information on a regular basis. Information about this study was posted in the FORCE monthly newsletter and on the FORCE website. Women interested in participation were directed to the Basser Center website, which contained full study details and contact information for study coordinators. Women with a self-reported germline BRCA mutation and were greater than 18 years of age at the time of enrollment were eligible for participation. Participants were excluded if they had never been tested for a BRCA mutation, tested negative for the mutation or for a BRCA1/2 variant of unknown functional importance. Informed consent was obtained from all individual participants included in the study. The University of Pennsylvania Institutional Review Board approved the study.
Instrumentation and Procedures
Participants completed a detailed online questionnaire developed at the University of Pennsylvania. Information obtained included: demographic information (age, race and ethnicity), medical and social history, menstrual and fertility history, relationship history, pregnancy history, desire for pregnancy, and age at BRCA testing. Participants were asked to answer questions about how their BRCA status influenced decisions about childbearing, including timing of conception, decisions not to conceive or to pursue adoption and about their attitude towards diagnostic tools including preimplantation genetic diagnosis and prenatal diagnosis for the BRCA mutation. To develop the survey instrument, we performed a literature search to identify common themes and reproductive dilemmas reported by women with BRCA mutations (Dekeuwer and Bateman 2013; Fortuny et al. 2009; Menon et al. 2007; Ormondroyd et al. 2012; Staton et al. 2008; Vadaparampil et al. 2009 ). We also examined studies for patients with other hereditary cancer syndromes (i.e., Lynch syndrome) (Dewanwala et al. 2011; Douma et al. 2010) . When available, questions from previously published studies were utilized. Some questions were developed by the authors to address themes for which validated questions were not available. Three types of questions were utilized: informational questions, multiple-choice questions, and rating scale questions in which participants were asked to rate their agreement with a statement using a 5-point Likert scale. Similar to previous studies, descriptions of PGD and PND were provided. The questionnaire was reviewed and edited by a team of reproductive endocrinologists, oncologists, and genetic counselors and then piloted with a small group of BRCA mutation carriers. A sample of the questions is included in the Supplemental Appendix.
Data Analysis
Differences in demographic characteristics and questionnaire answers were compared between women whose families were not yet complete, women whose families were complete and those who were undecided using Chi-square and KruskalWallis tests as appropriate. For questions related to attitudes towards PGD and PND, responses were categorized as Bagree/ strongly agree^versus Bdisagree/strongly disagree^versus Bneutral^. We hypothesized that older age (≥30 years), personal history of cancer and having biological children were potentially associated with decision-making regarding childbearing, fertility treatments and attitudes toward PGD and PND. We used logistic regression to evaluate the associations with these factors and adjusted for potential confounding factors. All analyses were performed using STATA version 13 (StataCorp, College Station, TX) and two-sided p-values of 0.05 or less were considered statistically significant. Table 1 demonstrates the demographic characteristics of the entire study population, which consisted of 1081 female BRCA mutation carriers. Approximately 65 % (n = 700) participants were recruited through online postings and enewsletter blasts from FORCE. The average age of the participants was 44.1 years at the time of survey and the average age of BRCA test disclosure was 39.5 years. Ninety-one percent were Caucasian and 30 % reported Jewish ancestry. Thirty percent of women reported a personal history of breast cancer and less than 1 % of women had a history of ovarian cancer. At the time of BRCA test disclosure, 81 % of women were partnered, and 60 % had completed their families. Women who had completed their families were older than women who had not (44 vs. 30.5 years, p < 0.001). A higher percentage of women whose families were complete were partnered (90 % vs. 75 %, p < 0.001) and had biological children (82 % vs. 32 %, p < 0.001) at the time of BRCA test disclosure.
Results

Participant Characteristics
Attitude Towards Childbearing and Fertility Treatment
Amongst the 284 women whose families were not complete at the time of BRCA test disclosure, 116 women (40.8 %) responded that knowledge of their BRCA status impacted their decision to have biological children. The reasons why a BRCA mutation status impacted these decisions regarding childbearing are demonstrated in Table 2 . Four percent of women would pursue adoption in light of their BRCA mutation status. Others would not have children due to risk of transmission to their offspring (17.2 %), out of concern that the pregnancy might increase risk of developing cancer (10.3 %), or out of concern for what would happen to a child if they were to develop cancer (10.3 %). Fifty of the 284 women (17.7 %) whose families were not complete reported that knowledge of BRCA+ status would influence them to pursue infertility treatment (including assisted reproductive technology for infertility and fertility preservation) ( Table 3) . Seventeen of the 50 women (34 %) reported that knowledge of their BRCA status made them more likely to consider fertility treatments in order to get pregnant more quickly. Twenty women (40 %) would consider IVF in order to freeze embryos or oocytes for future use, and 17 (34 %) would utilize IVF with PGD in order to avoid transmission of the mutation to offspring. Only 6 women (12 %) would consider the use of donor oocytes to avoid transmission of the mutation.
To test our a priori hypotheses and identify factors associated with the decision to have children or pursue fertility treatments given knowledge of a BRCA mutation, unadjusted logistic regression was performed to evaluate the associations with age at the time of BRCA test disclosure, personal history of cancer, already having biological children, partner status and Caucasian race (Table 4) . Women with a personal history of cancer were more likely to report that the knowledge of BRCA status impacted their decision to have a child (unadjusted OR 1.8, 95 % CI 1-3.2, p = 0.04) and women who were partnered were less likely to report that this knowledge impacted their decision (unadjusted OR 0.5, 95 % CI 0.3-0.9, p = 0.02). In a multivariable adjusted model including partner status and personal history of cancer, both of these factors remained significantly associated with the decision to have biological children (Personal history of cancer adjusted OR 1.8. 95 % CI 1.1-3.3, p = 0.03, Partnered adjusted OR 0.5, 95 % CI 0.3-0.9, p = 0.014). Women who already had biological children were less likely to pursue fertility treatments in light of their BRCA+ status (unadjusted OR 0.3, 95 % CI 0.1-0.6, p = 0.001).
Attitude Towards Relationships/Marriage
We evaluated the impact that knowledge of a BRCA mutation had on attitudes regarding relationships in 163 women who were unpartnered at the time of BRCA test disclosure (Table 5) . Twenty-two percent of respondents reported that knowledge of their carrier status made them feel more pressure to get married, while only 2.5 % reported that they decided not to get married after learning of their status. Thirty-eight percent related that knowledge of their carrier status influenced what characteristics they were looking for in a life partner. Participants had the option following this question to compose free text regarding the knowledge that BRCA carrier status had on any other decisions about marriage/relationships. In regards to how knowledge of BRCA carrier status influenced what characteristics they were looking for in a life partner, responses encompassed a need to find someone who was understanding, supportive and emotionally/ financially stable. These responses included: BIt made me feel like I needed to find an understanding partner-someone who didn't want to have kids^, BIt was important that my partner knew about my BRCA2 gene, and was supportive of me, however I decided to proceed with significant decisions in the future^, B…Dating financially secure men^.
Attitude Towards PGD and PND
After reading a general description of PGD and PND (Supplemental Appendix), participants answered questions regarding their attitude towards these technologies (Table 6 ). While only eight participants had ever undergone IVF with PGD, the majority of respondents (58.7 %) thought that PGD should be offered to women who were BRCA mutation carriers. However, only 34.8 % would consider undergoing PGD to reduce the risk of transmitting the mutation to their offspring. None of the participants had used PND to determine the BRCA status of a fetus. Nonetheless, 55.5 % thought that PND should be offered to pregnant women who are BRCA carriers, and 29.8 % reported that they would consider using PND themselves. Only 4 % of women would consider terminating the pregnancy of a fetus that carried the mutation. On comparison of attitudes towards PGD and PND in women whose families were compete vs. not complete v. undecided, responses were similar overall. A personal history of cancer, having biological children, age ≥ 30 years and type of BRCA mutation were not associated with PGD or PND acceptance (p > 0.05).
Discussion
As the uptake of cancer genetic testing increases and as cancer survivorship improves, more BRCA carriers will seek reproductive counseling from health care practitioners. Given the reproductive risks related to treatments for hereditary cancers and risk-reducing surgery, as well as concerns regarding transmission of the BRCA mutation to their offspring, women with BRCA mutations have unique reproductive concerns. In order to explore decision-making regarding reproduction, we conducted one of the largest observational studies in women with BRCA mutations on decision-making in regard to relationships in unpartnered women, decision-making surrounding reproduction and fertility treatments, and attitudes towards PGD and PND. Overall, we have shown that the knowledge of BRCA carrier status impacts women's decision-making regarding relationships and childbearing. Unpartnered women reported that knowledge of a BRCA mutation influenced their decisions regarding marriage. Almost 40 % had a greater desire to get married and 50 % felt more pressure to get married after test disclosure. Women whose families were not complete at the time of BRCA test disclosure reported that their carrier status affected their decision to have biological children. All in all, it appeared that these women desired biological children, with a very small percentage desiring adoption or use of donor oocytes.
The desire for biological children may explain the significant interest in IVF with PGD to reduce the risk of transmitting the mutation to offspring. While few women had undergone either PGD or PND to detect the mutation prior to pregnancy or delivery, the majority believed that these technologies should be offered to women who are carriers, regardless of whether or not their families were complete. This acceptance of PGD and PND was not associated with a personal history of cancer, older age, having biological children or specific BRCA mutation type. Less than 5 % of women would consider termination of a BRCA mutation positive fetus. In a case-control study comparing fertility desires of 25 BRCA1 (Smith et al. 2004) . A survey study found that following disclosure of a BRCA mutation, women (especially those >36 years of age) were less interested in future childbearing (Woodson et al. 2014) . In contrast, very few of the women in our study whose families were not complete at the time of survey decided against having children in light of their carrier status. In fact, it appeared that the desire for biological children remained, as few women were interested in adoption or the use of donor oocytes. In 2006, U.K. Human Fertilization and Embryology Authority approved the use of PGD for hereditary breast and ovarian cancer syndromes. As the use of this technology has become more accepted and prevalent for BRCA mutations, the attitudes of BRCA mutation carriers have changed. Whereas awareness of PGD for this indication has varied over time from 19-32 % (Menon et al. 2007; Rich et al. 2014) , the acceptance of PGD appears to have grown. In 2008, a study reported that only 13 % of women whose families were not complete would consider the use of PGD for future pregnancies (Staton et al. 2008) . A more recent study by JulianReynier in 2012 reported that 32.5 % of mutation carriers would consider its use for themselves for a theoretical next pregnancy (Julian-Reynier et al. 2012 ) and a study in 2014 conducted in adults with hereditary cancers found that of 370 respondents, 43 % would consider the use of PGD (Rich et al. 2014) . What has remained fairly high across time is the percent of BRCA carriers that believe that PGD is acceptable or ethical to offer to carriers. This percentage has ranged from 57 to 75 % from studies published between 2007 and 2014 (Fortuny et al. 2009; Menon et al. 2007; Rich et al. 2014; Vadaparampil et al. 2009 ). This observation is consistent with what we found in this study, where approximately 35 % of our participants would consider undergoing IVF with PGD to reduce the risk of transmission of the mutation to offspring, and 59 % believed PGD should be offered to other carriers. As for PND, prior studies have found that approximately 50 % of BRCA carriers would undergo testing of their fetus for the mutation (Fortuny et al. 2009; Julian-Reynier et al. 2012) , which is higher than the percentage found in this study (31 %). A single study reported that 74 % of BRCA carriers considered it ethical to offer PND to those who carried the mutation (Fortuny et al. 2009) , similar to what was found in this current study (58 %). Despite this high level of acceptance and consideration for PND of BRCA in a fetus, only 4 % of participants would consider termination of a fetus that carried the mutation. One study that addressed this issue found that 12 % of their study population found termination of a BRCA+ fetus acceptable (Julian-Reynier et al. 2012) . While there is an Numbers may not add to total n due to missing responses Reproductive Decision-Making in BRCA Carriersinteresting discrepancy between acceptability of the use of PND and consideration of pregnancy termination for fetuses with a BRCA mutation, there were unfortunately no follow-up questions regarding attitudes towards pregnancy termination in general or option of free-text responses, so it is difficult to explore contributors to this divergence. However, as terminating carrier fetuses appears to have low acceptance, PGD may be the more suitable option for many of these women and this technology may become more prevalent.
To explore attitudes towards relationships following test disclosure, we performed a restricted analysis of unpartnered BRCA+ women. Younger, reproductive-aged women face special challenges in their approach to relationships and childbearing, as they are less likely to be partnered or to have children at the time of test disclosure. While younger women have been shown to be more interested in genetic testing than older women (Bottorff et al. 2002) , it appears that they experience more distress following disclosure of a BRCA mutation (Lodder et al. 2002; Watson et al. 2004) . Qualitative research reports that women may have difficulties establishing new relationships due to anxiety around disclosing their mutation status, but also feel urgency to find a partner in order to have children before they reach an age when it is recommend to undergo prophylactic oophorectomy (Hamilton and Hurley 2010; Klitzman and Sweeney 2011) . The unpartnered women in our study felt a similar desire and pressure to get married, and almost 40 % of respondents reported that knowledge of their mutation influenced what they were looking for in a life partner, including emotional and financial stability. Given that few women provided free text responses to clarify this response, further exploration on the topic of how BRCA carrier status impacts dating and relationship attitudes is certainly warranted in future studies.
Study Strengths and Limitations
To our knowledge, this the largest quantitative study assessing reproductive desires and attitudes towards PGD and PND among women with BRCA mutations. While prior studies have been performed regarding reproductive attitudes in patients who were undergoing testing, this is the largest study to report findings on a population of carriers of the BRCA mutation who have completed testing. Additionally, this paper is the first to address decision-making in regards to relationships Data is shown as n(%) unless otherwise stated
Abbreviations IVF in-vitro fertilization, PGD preimplantation genetic diagnosis, PND prenatal diagnosis a Numbers may not add to total n due to missing responses in unpartnered, BRCA+ women. Given that partner status appears to significantly impact a woman's decision to have biological children, exploration of attitudes towards relationships and marriage is of particular importance in this population of women whose families are not complete. However, we recognize several limitations. These results may not be generalizable to all BRCA carriers as our participants were recruited from an academic referral hospital for women with high-risk mutations and from a national advocacy website. This non-random sampling may influence the interpretation of our results. However, our study population reflects the population of women who are undergoing BRCA testing, so these results would be relevant to that cohort. As BRCA status was self-reported, it is possible that women who tested negative or who carry variants of unknown significance were included in this study cohort. As with any survey study where participants are asked questions regarding past decision-making (in this case, at the time of BRCA test disclosure), there is the possibility of recall bias. For example, women who pursued fertility treatments following a BRCA test disclosure may report that they were more likely to pursue treatments, as compared with women who ultimately did not pursue treatment. While the average time between BRCA test disclosure and completion of the survey was relatively short (5 years), the risk of recall bias is still relevant. To address this limitation, findings from this study must be validated with prospectively collected data. As the link to the study and questionnaire was advertised publicly through the FORCE and Basser center websites, it was not possible to determine the number of non-responders or number of women who declined to participate. Without this denominator, a true response rate could not be estimated. Additionally, as the demographic characteristics of FORCE members were not available, it was difficult to assess if the non-responders were different than those who responded to the survey. Finally, the description of PGD and PND did not include information regarding cost or risks of the procedure, which may influence decision-making surrounding these technologies. And, due to length and time constraints of the questionnaire, it was not possible to elicit free-text responses on many interesting questions presented in this study. Thus, it is difficult to draw any definitive conclusions regarding the motivation and intention behind our respondents' answer choices. In a future prospective study, these responses will need to be explored in more depth to facilitate genetic counseling and discussion.
Practice Implications
In conclusion, the knowledge of BRCA carrier status impacts women's attitudes regarding relationships and childbearing. The majority of BRCA mutation carriers believe that PGD and PND should be offered to other carriers. Counseling of BRCA mutation carriers is typically focused on risk-reducing strategies and cancer prevention, however, for reproductiveaged women, counseling must also include a discussion of reproductive issues, including timing of pregnancy, use of ART for expediting pregnancy, fertility preservation and PGD. We hope that the results of this study will motivate practitioners to incorporate discussions on reproductive issues into their counseling in order to facilitate decision-making on these topics. These issues can be addressed both prior to genetic testing, and following the receipt of genetic test results. Information regarding available reproductive options and preimplantation/prenatal diagnosis should be provided, as well as guidance in decision-making for these women. Psychological support could also be offered at the time of testing given the sensitive nature of these topics. Finally, these results highlight the need for further studies on the impact of genetic counseling on reproductive decision-making in this patient population.
